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Abstract 
Studies were undertaken on interactions between panicle sire, insect density, host plant, and the environment for 
sorghum head bug. Culocoris arlgu.status Lcthiery on five sorghum genotypes in terms of bug population increase, 
grain damage and loss in grain mass across four panicle sires (5, 10 or 20 brancheslpanicle and whole panicle). 
and three infestation kvels (5, 10 and 15 pairs of bugslpanicie). Head bug numbers increased and grain damage 
decreased with an increase in panicle size in the head bug susceptible cultivars, CSH I and CSH 5 .  However, the 
increase in bug numbers or decrease in grain darnagc was not significant in head bug resistant genotypes, IS 17610 
rind IS 17645. Head bug numbers increased with an increase in infestation level in CSH I and CSH 5, however, 
such an increase was not substantial in IS 17610 and IS 37645. Grain damage was significantly lower in IS 17610 
and IS 17645 cornparcd with CSH 1 and CSH 5 across infestat~on levels. Head bug population increased at a greater 
rate during the rainy season compared with the dry season. Panicle size and infestation levels accounted for greater 
variation in grain damage and percentage loss in grain mass during the rainy season than in the dry season. To 
identify reliable sources of'resistance to insects, it is important to study insect host plant-interactions across panicle 
sizes (levels of food availability), infestation levels and seasons. 
Introduction 
Mirid head bugs, Culocnris (1ngustntu.s Leth., Eurysty- 
1u.s irnniuculatus Odh., E. hrllr~voyei Put. and Reut., 
Creoritiudes pullidus Ranib., Taylorilygus ~~osselrri 
Popp., and Cumpylomma spp, are one group of key 
pests of sorghum which feed on the sorghum grain 
from initiation of grain development till physiological 
maturity (Ballard, 19 16; Sharma, 1985; Natara,jan <Sr 
Sundara Babu, 1988a. b: Sharma & Lopez, 1990a; 
Shar~na rt al., 1992). C. angustatus is the predominant 
head bug species in India (Sharma & Lopez, I990a). 
Both adults and nymphs suck the sap from the devel- 
oping grain, resulting in tanning and shriveling of the 
damaged grain. This results in a severe loss in grain 
yield and quality (Sharrna & Lopez, 1989). 
Plant resistance to insects is an important corn- 
ponent in the management of C. angustatus. Several 
lines resistant to C. angustatus have been identified 
(Sharma, 1985; Sharma & Lopez, 1992b). However, 
environmental conditions change the interactions be- 
tween the insects and their host plants by influenc- 
ing the rates of insect development and the physio- 
chemical properties of the plants (Sharma & Lopez, 
1991). For measuring genotypic resistance to head 
bugs, data are recorded on bug numbers, grain dam- 
age, loss in grain mass, and seed germination (Sharrna 
& Loper, 1992a). Panicle size or the amount of grain 
available for feeding on a panicle has been reported 
to influence the extent of bug population increase on 
a susceptible cultivar, CSH 1 under no-choice con- 
ditions in the headcage (Sharma, 1985). Also, pan- 
icle size or the productivity potential of a genotype 
is determined by the fertility status of the soil, and 
the prevailing environmental conditions. Bug abun- 
dance and grain damage are also influenced by head 
bug density, which varies across seasons and locations 
(Sharma & Lopez, 1991). Therefore, genotypes re- 
sistant to bugs should result in low rates of increase 
in bug numbers, and suffer low grain damage across 
panicle sizes and infestation levels. We studied such 
interactions between panicle size and infestation levels 
in five sorghum genotypes over two seasons to identify 
reliable sources of res~stance to C. angustatus. 
Materials and methods 
Crop. Five sorghum genotypes including three lines 
(IS 176 10, IS 176 1 8, and IS 17645) identified as less 
susceptible to C angustatus under natural conditions 
(Sharma, 1985). and two susceptible commercial hy- 
birds (CSH I and CSH 5) were tested for their inter- 
actions with head bugs under no-choice conditions in 
the headcage (Sharma & L o p e ~ ,  1992a) at the lnter- 
national Crops Research Institute for the Serni-Arid 
Tropics (ICRISAT). Patancheru. Andhra Pradesh, In- 
dia. The cultivars were planted in eight row plots (4 rn 
long, 75 cm apart) in a randomized block design. There 
were three replications. Plants were thinned to a spac- 
ing of I0 cm 15 days after emergence. Seeds were sown 
with carbofuran 3G (at 1.2 kg a.i. ha-') to control the 
sorghum shoot fly, Atherigona soccutu Rondani. N o  
insecticide was applied during the reproductive phase 
of the crop. The crop was grown under rainfed condi- 
tions during the rainy season (July-October), and under 
irrigation during the dry season (December-April). 
Insects. Head bugs were reared on panicles of CSHI, 
a susceptible sorghum hybrid, under field conditions. 
Adult bugs were confined with the panicles for egg 
laying at the pre-anthesis stage in a cage covering the 
panicle. At the dough-stage (I 5 to 25 days after infes- 
tation), newly emerged adults were collected in pairs 
of 5, 10 or 15 in 200 mL plastic bottle aspirators, and 
immediately used for infesting the panicles of different 
genotypes. 
Infestation. The bugs collected in plastic bottles were 
released inside the cages covering sorghum panicles at 
the pre-anthesis stage (Sharma & Lopez, 1992a). Pan- 
icles having all the branches intact (nearly 25 primary 
branches) or with 5,10, or 20 primary brancheslpanicle 
in the mid-portion were infested with 10 pairs of adult 
bugslpanicle at the pre-anthesis stage. Extra branches 
at the top and bottom portion of the panicle were re- 
moved with scissors. Five panicles were infested in 
each treatment. For each panicle size, panicles caged 
similarly, but without bugs, served as uninfested con- 
trol. Percentage loss in grain mass in the infested pan- 
icles was computed in relation to the grain mass of 
the uninfested control panicles. Data were recorded on 
bug numbers 20 days after infestation, and on grain 
damage, and percentage loss in grain rnass at maturity. 
In another experiment, randomly tagged panicles 
were trimmed to a uniform size by retaining 20 pri- 
mary brancheslpanicle. Five panicles each were in- 
fested with 5 ,  10, or 15 pairs of bugslpanicle under the 
headcage to assess the effect of different infestation 
levels on head bug population increase and grain darn- 
age on resistant and susceptible cultivars. Data werc 
recorded on head bug numbers 20 days after infesta- 
tion, and on grain damage, and percentage loss in grain 
mass at maturity. 
Grain damag?. Grain damage in the infested panicles 
was evaluated visually on a I to 5 scale at maturity 
(1 = grain with a few feeding punctures. 2 = grain 
with feeding punctures turning red-brown, 3 = most 
grains with feeding punctures and showing about 40% 
shriveling, 4 = most grains with feeding punctures and 
showing about 50%. shriveling, and 5 = grain with ex- 
tensive Seeding and > 60%: shriveling). 
LASS it1 grain I ~ ~ S S .  LOSS i n  grain mass ('5) in the in- 
fested panicles was computed in relation to the average 
grain Inass of' similary trimmed or whole panicles of 
respective genotypes covered with cages but without 
bugs. The threshed and dried grain from infested and 
noninfested panicles was weighed, and percentage loss 
in grain mass computed. 
Stuti.rtira1 analysis. Data on bug numbers (converted 
to square root values), grain damage rating, and per- 
centage loss in grain mass were subjected to analysis 
of variance. Regression coefficient (b value) and coef- 
ficient of determination (R') were also computed for 
each genotype across panicle sizes or infestation lev- 
els to identify lines with stable resistance to head bugs. 
Regresssion coefficients were taken as n measure of 
thc rate of bug population increase or grain damage 
in relation to panicle size or infestation levels. Geno- 
types with regression coefficients equal or close to zero 
and showing low population increase or grain damage 
across panicle sizes or infestation levels would be sta- 
ble for their resistance to head bugs. This approach has 
earlier been used to study the stability of resistance to 
insects (Sharma & Lopez, 1991). 
Results 
Head Dug nutnher.~. Head bug numbers increased with 
growth in panicle size, even though an equal number of 
adults ( I0 pairslpanicle) were released on each panicle 
(Fig. la) .  
Across panicle sizes, IS 17610 and IS 17645 had 
significantly lower bug population increase cornpareil 
with the susceptible controls CSH 1 and CSH 5 ('Table 
I ). 
The regression coefficients were significantly 
greatcr for the susceptible controls CSH 1 (0.83**) 
and CSH 5 (0.94**) compared with those for IS 17610 
(0.28*). IS 176 18 (0.56), and IS 17635 (0.45) during 
the rainy season (l'able 2) .  
During the dry season, the b-values were 0.56**, 
0.56**, -0.03. 0.33, and 0.06, respectively. Head bug 
population increased at a greater rate with an increase 
in panicle size during the rainy season (b = 0.28 to 0.94) 
compared with the dry season (b = -0.03 to 0.56). Pan- 
icle size accounted for > 7 5 4  of the variation in bug 
numbers (except IS 176 10 during the dry season). 
Grairl rlamugo. Grain darnage rating (GDR) was sig- 
niticantly lower across panicle si7es in IS 17610 and 
IS 17645 cornpared with C'SH 1 and CSH 5. TS 1761 8 
suffered moderate levels of grain clamage across pani- 
cle 5izes (Table 1 ). GDK decreased with an increase in 
panicle sizes (Fig. 1 b).  IS 176 I0 and IS 17645 suffered 
significantly lower grain damage than the susceptible 
controls across panicle sixes (Table I ) .  In general, the b 
values were negative in all cases (b = -0.02 to -0.07) 
(except CSH I )  during the rainy season when it suf- 
fered complete damage (GDR = 9) across panicle sizes 
(Table 2) .  Panicle size accounted for 48 to 95 5% of the 
variations in GDR (except CSH 1). R' values were 
greater for data from the rainy season (80 to 95%)) 
compared with the dry season (48 to 83%). 
Loss it1 gruirr nlass. Percentage loss in grain mass was 
significantly greater in CSH I and CSH 5 across pan- 
icle sizes cornpared with IS 17610 and IS 17645 (Ta- 
ble I ) .  IS 1761 0 and IS 17645 showed less than 40% 
loss in grain mass across panicle sizes. Regression co- 
efficients were negative for CSH 1 (-0.98), CSH 5 
(-0.56). IS 17618 (-0.70). and IS 17645 (-0.70) and 
positive for IS 17610 (0.42) (Table 2). Thus, larger 
panicles suffered lower damage at the same level of 
infestation (except in IS 17610) (Fig. 2b). During the 
dry season, the regression coefficients were positive 
(0.04 to 0.52) (except for CSH 5 (b = -0.02). Co- 
efficient of determination (RZ)  was greater during the 
rainy season (R2 =23 to 80%) compared with the dry 
season (R' = 1 to 54%). 
EfJect oJ irfestutlc~n levels on hrad hug numbers and 
gruitl dun lag^ 
Head Dug numbc~rs. Head bug numbers were signifi- 
cantly lower in IS 17610 compared with CSH I and 
CSH 5 across infestation levels (Table 3). Generally, 
bug numbers increased with rise in infestation level 
(Fig. 3a). Bug numbers explained 32 to 98%) variation 
during the rainy season and 32 to 990h variation during 
the dry season (Table 4) .  
Gruin dunuzge. GDR increased with rise in infestation 
level (Fig. 3b). and IS 17610 and IS 17645 sufttred 
lower darnage compared with CSH 1 and CSH 5 across 
inkstation levels (Table 3). The susceptible controls 
suffered high grain damage across infestation levels. 
and hence, their b values were low (0.02) (except for 
CSH 1 (0.14*) during the dry season) compared with 
IS 17610, IS 17618 and IS 17645 (b = 0.14. 0.15 and 
0.13 during the rainy season, and 0.00, 0.01 and 0.06 
during the dry season, respectively) (Table 4). Rate of 
increase in grain damage was greater during the rainy 
season (b = 0.13 to 0.15) compared with the dry season 
(b = 0.00 to 0.06) in IS 176 10, IS 176 18 and IS 17645. 
Coefficients of determination were greater during the 
rainy season (58 to 91%) conlpared with the dry season 
( 0  to 75%) (except for CSH I 99%). 
LOSS irl gr~iiti I~ IUSS .  LOSS in grain mass was greater in 
CSH 1 and CSH 5 compared with IS 17610, IS 176 18 
and IS 17645 (except IS 1761 8 during the dry season) 
across infestation levels (Table 3, Fig. 2a). Regression 
coefficients for loss in grain mass were greater during 
the rainy season cornpared with the dry season (Table 
4). Bug numbers explained 58 to 96% variation during 
the rainy season and 6 to 99% variation during the dry 
season for different cultivars. 
Tahl~ I .  Head hug population increase, grain damagc. and sced germination in 
eight sorghum genotypes (means across panicle sizes) (ICRISAT Centcr, 1984-85) 
Genotype Head hug numhersl Visual O/o loss ~n 
pan~clc damsge gram mass 
rating' 
1984' 84/85' 1984 84/85 1984 84/85 
Susccpt~hle controls 
CSH I 268( 14 7)" 
CSH 5 749(13 5)'" 
-- 
S E i ( 0  57) zt(0.54) 4 0  OX i 0  I1 &4 1 &5Y 
LSD at 5% ( I  80) ( 1 70) 026 034  128 185 
'See Materials and mcthods. 
' x '  1984 and 84/85 rainy and dry scasons. respectively. 
liead hug numbers in parenthcscs arc fi transformed values. 
Figures followcd by thc same letter withln a column are not s~gnificantly 
different at P I 0  05. 
Tablc 2. Regression coefficient (b value) and coefficient of determination (R'%) for hcad bug population increase, 
grain damage, and percentage loss in grain mass across four infestation levels in five sorghum genolypes (ICRISAT 
Centcr. 1984-85) 
Head bug numhers/panicle Grain damagc rating Loss in grain mass (%I)  
1984 1984-85 1984 1984-85 1984 3984-85 1984 1984-85 1984 1984-85 1984 1984-85 
Genotype R PR R PR R PR R PR R PR R PR 
Susceptible controls 
CSH 1 0.83" 0.56*' 98 99 0.00 -0.05 00 70 -0.56 0.12 23 1 
CSH 5 0.94" 0.56** 98 99 -0.02' -0.04 95 48 -0.98 -0.02 60 1 
"**= Significant at P<0.05 and 0.01, respectively. 
Tuhle 3. Effect of thrcc infestation levels with C. ungustuius in eight sorghum 
genotypes on population increase, grain damage, and loss in grain mass (means 
across infestation levels) (ICRISAT Center. 1984-85) 
Ccnotype Head hug numbcrsi V~sual 8 loss ~n 
panicle damage gram mass 
rating' 
1984' 8418 5 ' 1984 84/85 1984 84/85 
Susccptihle controls 
CSH I 311(17.1)" 
CSH S 278(16 7)" 
SE &(0.81) h(0.63)  h0.12 f 0 . 1 5  0 9  rt6.7 
LSD at 5% (2.54) (1.07) 0.39 0.47 34.2 18.5 
'Scc Malerials and methods. 
'" 1984 and 84185 rainy and dry seasons, respectively. 
Head hug number> i n  parcnthesea are fi transformed values. 
Figures followcd by the same letter within a column arc not significantly 
different at P10.05. 
Ti~hle 4. Iiegression cocfficient (h  value) and coefficient ol determination (R'Q) for head bug population 
increase, grain clamagc, and percentage loss in grain Inass across four infestation levels in tive sorghum 
gcnotypcs (ICRISAT Ccntcr. 1984-85) 
Head hue numhcrs/aan~cle C;r,l~n darnane rutlng I ~ s s  ~n gram mass (%I)  
Susceptihlc controls 
CSH 1 0.27 0.52 75 44 0.02 0.14' 75 99 1.30 1.01 58 43 
CSH 5 0.30 0.38 96 31 0.02 0.02 89 75 0.30 3 61" 96 99 
*= Significant at P<0.05 and 0.01, respectively. 
-A IS 17610 
-* IS 17615 
IS 17645 
* CSH 1 
* CSII S 
a 
0 5 10 15 20 25 30 
No. of b r ;~~ic l~c~/p ;~~i ic le  
-* IS 17610 
- -  IS 17618 
IS 17645 
* CSH 1 
+ CSI-I 5 
b 
No. o f  l~~~a~icliec/pnriicle 
Fig. I. Head bug population increase (a) and grain damage (b) in five sorghum genotypes infcsted with 10 pairs of hugslpaniclc 
acros5 four panicle sizes during the 1984 rainy and 1984185 dry seasons. Damage rating see Materials and methods. 
Discussion 17645 may be due to low oviposition or antifeedant 
and/or antibiosis mechanism of resistance (Sharma & 
Head bug numbers increased linearly with an increase Lopez, 1990b). Head hug population increase is in- 
in panicle size, i.e. the amount of space and food fluenced by the panicle size or the amount of food 
available for oviposition and feeding, respectively. available for feeding. Therefore, head bug numbers 
Since cultivar nonprel'erence is excluded under head- alone cannot be used as a criterion to select cultivars 
cage conditions, lower bug counts on IS 17610 and IS resistant to C. angustatus. IS 17610 and IS 17645 also 
-* IS 17610 
-- IS 17618 
- O -  IS 17645 
f CSI.1 I 
+ CSH 5 
-+ IS 17610 
-- IS 17618 
-0- IS 17645 
-r- CSH 1 
+ CSH 5 
"4 6 8 10 12 14 I6 
Infcslalion lcvcl No. of brnnchcs/paniclc 
Fig. 2. Loss of grain wcight (%Q in live sorghum gcnotypcs across (a) three infestation lcvcls and ( h )  four panicle sizes during 
thc 1984 rainy and 1984185 dry season. 
suffered increased grain damage with a growth in in- 
festation level. Greater grain damage in these geno- 
types at higher levels of in festation (10 and 15 pairs of 
bugs/panicle) was largely due to initial bug density and 
not because of the extent of bug population increase 
Regression coefficients or the slope of the curve 
can be taken as a measure of the relationship between 
panicle size or infestation levels with head bug popula- 
tion increase and grain damage. Genotypes with stable 
resistance to bugs would have b-values equal or close 
to zero, and low levels of population increase and grain 
damage across panicle sizes and infestation levels. Re- 
gression coefficients were significant and greater for 
the susceptible cultivars CSH I and CSH 5 for head 
bug population increase compared with IS 17610 and 
IS 17645 across panicle sizes. Therefore, the low in- 
-*. IS 17610 
.* IS 17610 -* IS 17618 
-- IS 17618 .-. IS 17645 
- o h  IS 17645 + CSI-i 
- CSI1 1 - CSII 5 
CSH5 3 b 5.5 - 
sect numbers recorded on these genotypes were largely wide range of environments (Faris et al., 1979). Not 
because of their resistance to head bugs. only do the sources need to be stable across envi- 
Identification of stable sources of resistance to in- ronments/seasons. Environmental changes within and 
sects is an important component of an insect resis- across seasons strongly influence genotypic resistance 
tance breeding program. Stability of resistance is of' to insects (Faris et al., 1979; Sharma et al., 1988, 
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Fig. 3. Hcad bug population increase ( a )  and grain damage (b)  in  five sorghum genotypes across thrcc levc15 of infestation 
during the 1984 rainy and 1984185 dry scasons. 
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The  headcage technique (Sharma & Lopez, 1992a) 
can be  used to test genotypes against a range of insect 
densities or under uniform insect pressure across sea- 
sons to  know their stability of' resistance. Regression 
coefficients and the deviations from the regression of a 
cultivar on the environmental indices serve as a useful 
parameter for measuring the stability of performance 
of a genotype (Eberhart & Russell, 1966). Regression 
coefficients can serve as  a useful parameter to identify 
lines that would support lower insect numbers or suf- 
fer low levels of grain damage across infestation levels 
and environments (Sharma & Lopez, 1991). In the 
present studies, the regression coefficients for popula- 
tion increase and grain damage across pi~nicle sizes or 
infestation levels were greater during the rainy season 
compared with the dry season. Also, the coefficients of 
determination (R2) were greater during the rainy sea- 
son compared with the dry season. Thus, growing sea- 
son has a rnarked effect on the expression of genotypic 
resistance towards C. ungl*.stutu.s. Environmental con- 
ditions not only affect the survival and development of 
bugs, but also affect physio-chemical characteristics of 
the plants, which in turn may effect the expression of 
genotypic resistance or susceptibility to C. ungusturus. 
'I'hus, it is important to study the stability of resistance 
across a range of environments. 
Head bug population increase and grain damage 
are influenced by panicle size, infestation level, and 
seasons. However. the rates of population increase 
or grain damage across panicle s i ~ e s  and infestation 
levels were significantly lower on the resistant geno- 
types conlpared with the susceptible controls. Thus. 
for identifying reliable sources of resistance to insects, 
i t  is important to record insect numbers and extent of 
damage across levels of food availability and insect 
density. 
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